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ABSTRACT 

PROBLEM TO BE SOLVED: To provide a high mobility thin-film transistor, with 
good reproducibility. 

SOLUTION: A method for manufacturing a thin-film transistor is provided, 
where a semiconductor thin film is used in a channel formation region. The 
semiconductor thin film is acquired by irradiating for melting, an 
amorphous semiconductor thin film in which any concentration of carbon, 
nitrogen and oxygen is 5 X 1019 cm-3 or lower with an ultraviolet laser 
beam, which is then re-crystallized, so that the Raman shift peak value is 
51 5 cm-1 or higher for the wave number. By selecting a crystallizing method 
such as this, a thin-film transistor of high mobility is provided with 
satisfactory reproducibility. 
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ABSTRACT 

PURPOSE: To obtain thin film type semiconductor material of high nobility, 
by a method wherein a noncrystal silicon film in which concentrations of 
carbon, nitrogen, and oxygen are all specified is irradiated with a laser 
beam, fused, and recrystallized. 

CONSTITUTION: An amorphous silicon film of quartz 601 of a substrate where 
an amorphous silicon coating film is formed is etched In a rectangle, 
thereby obtaining an amorphous silicon film 602. By secondary ion mass 
spectrometry, it is confirmed that each of the concentrations of oxygen, 
nitrogen and carbon in the coating film is lower than or equal to 1 0(sup 
19)cm(sup -3). Next the film is arranged in a vacuum vessel, and irradiated 
with an excimer laser beam, thereby laser^ annealing the film. Thereon a 
gate insulating film 603 is formed. After that, a gate electrode 604. a 
source region 606. and a drain region 607 are formed. An impurity region 
which has been made amorphous by ion implantation is recrystallized by 
laser annealing. Thereby a film type semiconductor of large mobility can be 
obtained. 
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( 

1 

5 X 1 0" cm-'tAT. »*U<«1 X 1 O" cm-'tA 

5 X 1 0" cm-'feiT, iffSb<«l X 1 0" cm-'£i. 
5 X 1 0" cin-'6AT, »Sb< « 1 X 1 0" cm"']^ 

-arbfe-sxet^wr^iit^^sit-r^^s^i^w© 

S i N. O, C. (0^x^4/3. 0^y^2, 0^ 
z^l, 0<3x + 2y + 4z^4) TfafeD. fS^-:>. « 

s«iK«^scoxs-e^§£ffl $ k-if-Tt L < ia-?-n 

5X10" cm-'OT, «^^b<«l X 1 0" cm-'£t 
TTfeS^^fttt^^^KSrJ^^-r-SXSi^ mrlH^3g 
ffi^l- 1'— tf-^ fc b < «-^n i: IH^Ti^^ Kit bT 

^H-arbfefcm, ^i^ftft-a-bfe^xsi, * 

*«:'^tr#ffla^»Cj3ViT, 2 0 0-6 0 OSCT^m 
[0 0 0 1] 
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2 

[0 0 0 23 

ft-r^CDT«7i<. Scnm@S©j5iEgllSt**^i^ifiEbT 
^Ki^trbT 1 0 cm'/V • sUATOil5^*f)^feb< 
ffjfi^r U -Vj^fb*® 1 %e^T®#iPI-=2rji:*bTVi^. 
^rJW^TXtlS^^n^ 1 0 nmS^CD^3*^ft®*-§■ 
[0 0 0 3] 7^)VyT:^^m^ i7=E)VyT7. 

-€-(D-f^e«4 0 osciy.T©itteM<gST*5;i 
i^-^ic^v^TWS/ai^^iibTiie^nTv^^. 

20 [0 0 0 4] b*^b7i*i^, 

i^T.^'- (TFT) C05^^^~;l'J^^^S^i:bT^V»^' 

-tf-^^^-try >7>yjt^CD3fi^$:-^.»bT, 
iSftS-a:, l^a«®*«<^«sPH'^^-&bfeT, ^CD=^ 

•So ) 

[0 0 0 5] bd^b;5:A«?.> U— tf-T::^-Jl'ffilrJ;-p 

T'*fc;»c#fJ:«T=^itlS«2 0 0 cm' /V • s 

0, cn(i*.i^ft3^*<^«^^»)S. 1 3 5 0 cm' / 

V- s ©7iJ-0 1Tbd>7iVi. Sfc, !f— T— — 

40 fe(cJ:•:>T^#e.n^¥S<**^i|s^©#^4 (^tbxg^ft 

10 0 0 6] 

50 3{cli-r-&3:i:SrSW^:-r^. -tfs.t>%, ^SbS©ii6Vi^ 



( 

3 

[0 0 0 7) 

v> • fc!-i^<Di«$^jw«g-r-&3:tfcJ;oT. Cine. 

CO 0 0 8] «H1^«> 5 2 1 cm"' tC 

[0 0 0 9] ^itj^:©n^«:*-ri«»l'e*^*^ T^: 

*^&?ge.*^/^J;-5fc, . h!— i7©4''L'>fiI*«5 1 5 

e,n^. -TTi^^-fe, 5 1 5 cm-'etTTHm^^KS® 
5-7> • t!— i7&#'|4{4/h$Vi*i. 5 1 5 c m" ' £^±T? 

[0 0 10] CLC^^tS^e-dMC, 2-p©ffi*i#ft-r-5 
Ht^S^LTV^-S). 2^%Be#?.©W^t'J;'5i:, 5 1 5 

feC5T?$.0> 5 1 5 c m- ' tA±T?JS, ]^-lf--7--)V 

[0 0 11] 5T> • tf— ^©^-'Mli, 
7 x'> • t-^filS 2 1 cm-' $ra;^.5;ittt^<, # 

i=>ntzmT^mm.<Dm±m\im2 o o cm' /v • s-c 

T, 2 X 1 0" cm-'SfltTffeofc, -€-ClT, IK+IC^ 
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4 

[0 0 12] UJLT. *BJffl#T-«J:n?.CDM«> 

[0 0 13] cn$:a2lCS5-r. 02=tO§ge>*^7S<t^ 

U CO & C5^i!iS*vjN ^<^^tVi5UJt. l^-if 

30 lC3$.fcDcoifgft©;»c^$*«/hS<;^oT> ^KiSA^/Jv 
[0 0 14] Vi-rntCbTfc, WM^O^^^S.'Sr'b-^ 
m.'^ixi 0" cm" ft^Z.t\ZJir>X. 1 0 0 0 c 

[0 0 15] m*lg«*i;'c€Via-g-Tfe/jN$Vi 
Ae>«^ ^2CD;^.^J;0:&<ffiI©ffiJa«. tf-T::i- 

;ncj;oT. m^fi^-m^mi^rzWz^m^vTzhcDt 

- nmmmmiz^^^T±^fii^m&^^^% e- nrz. 
[0 0 16] *%?^Ae.(A, ^inz. mu-fs-i^^ii^y^ 

>• e— i?CD*#<i (FWHM) tC*5ViTfe^e.n^Cl 
50 i:€:%AUfc. CI S 3 H^-T. 0 3<^^W«, 
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5 

mit (FWHM RATIO) tJ:^. FWHM RA 
T I 0*VJn$<, 1 tC3fiVife(D(lt*#-igaS^f'jaV:>« 

J;5tC, ^^5SS*^F^i:ii-&lt«, FWHMRATIO 
K I' A^'J^ ^ V © « ^liS*«;'c # < , 

[0 0 17] 2^%B^Ae.«, • tr-^© 

;i/7TXfigi)-tceH-r^5V> • hf-i!? (4 8 0 cm' 20 

i7 I c (5 2 1 cm-'#jfiCDt!-i7) THI-:>^fe©T$> 
0. JgJlT, INTENSITY RATIOtP?^. I 
NTENSITY RAT I OlCHbT«, 1^+©^* 
igS*^llCT5.n«, INTENSITY RATIO 

[0 0 18] S^6*llr5V> • 

[0 0 19] $T, eA±©J;'5fr. ^-vUiri^ifiSSrlS] 

ne.o7n^©s*ni-rnfe, 5x10" cm-'iWT. a 

ib<«l X 1 0" cin-'tJlTi-r^3:^:lrJ;:pT, 

tlm. mmmn^m^i^m&h\.x 1 0 0 0 cm' /v • 

0-5 0 0 cm' /V • s©ffl*$^{C#^c:i:*iT^ 50 
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[0 0 2 0] Ld^bfi/i^e., ::ne>©7c^®Ji 

1 X 1 0" cm"J!UTtcTSC:t«. SfeTKSS 
(1 X 1 0" cm 'Je^lT) ©teMdl^-if-T-- 

[0 0 2 1] ^bT, c:ne.roBl^$r®vtsfc!s6»c«4f 

^. M^©Sft*-51SJe)T/hSVi. 10" cm-' 

X^#H^* (1 0-' t o r rKKT) TU—if-T-- 

1X10" cm-'eJlTT> f|^=^»m*n 0 0 0 cm' 

[0 0 2 2] T^:;i':7 7;^¥^#;K©*®=&MoT, ^ 

LT«, l^cD«SSfiS:W-r^?^lr>A'--C, 
C V D ^-1*7. ^ i o T 7 ^ ;W 7 7 7. ¥ 

jc, *^vi«— mtt>x^M^<D^^izhrc^. 0Sim 

:^7>*«K«^nTV>-^ViCii, T*^. SfeT 
-^-Cte^^SrU— 1f-7--;i/bT»e.n 

vi. z.n\t. 7^)vyT7.^m-i^m<o^miz:»x*mm 
^n. z.nibiWi<DU-if-7--}i'(omz^<^\z^m 

[0 0 2 3] Sfc, ;i<Dt^cr>^mB(DUUtVX\tly 
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7 

fc, {b^^ S i N. O, C. (0^x^4/3. 0^ 
y^2, O^z^l. 0^3x+2y + 4z^4) T?* 

®Pc5tt 5 0 ~ 1 0 0 0 nin*«®LTVifc. 
[0 0 2 4} ^T, i?.^m\tT =^)Vy r T.^M'W^^'^ 

[0 0 2 5] 0 5 ftTi^i!l^*« 22cm' / V • 
s. 2 0 1cm' /V • s:fei;i;f9 8 0 cm' /V • s 

(FWHM) $:^bfcfeCDTfe^. |lUC:feViT, ^tt« 
©ft^T^oT, 1 0 0 Mm-T?S.-5. X\t^^^)l'm^ 

mM<Dmm^^'u. x/l=o tit. j-^^)vm^w$. 

W$.<OYV-<>mM.i:.<DmM, XXL=0. 5 tit. =f- 
5 {'^Ti^Wl*** 2 2 c m' /V- s©feW«FWHM 

«^ ;i t lis 3 :fe iZZ-^-ntr glj^T ^ISi 

^-eai'</i:i*0t?a5D, :J'Vffi^i^nci:?a■ 
■r••5fe<'5■r«7&:Vi. FWHMCD«BFftCJ; 

vi^. ^*5. z.(D^iM<mMm.mm9, x i o" cm" 

[0 0 2 6] -13. a^^»il«*«2 0 1 cm' /V • s 
^^SS*^I^D< 8X10'° cm-'-T?fe-3 
fc. ia*^?.?ie.*^75:J:5IC, tife:««)l'FWHM«eTb 
TV^S*i, FWHMOi©^fe#'ti*«::«C^d^-pfc, -^-b 
T. J^Bffl'ioTH, ST^ft^*^ 9 8 0 c m' /V • 
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V ^ o T d © J; ^ «m (' J; o T !^tt*«;«c ^ < Snc ^ *f 

[0 0 2 7] «^igfIflS*^9 8 0 cm' /V • s ©fc© 
»i> ^*i!SSia:fi&©2-3Jct}:^T, »b</h5<*5ix 
10 1 0" cm-'Ta?>-s>fc. 0d^e,|g^?5^7aJ:5»C, 

lrFWHM«/h$<, $e.lCFWHM©am&#1Sfe/h 

$Vi. c©c:i:«^^*:W»rm^i^if)S*«::'c#<, 

S* t Hl^ftt^ftli ?r Wr o T ^ C t S: 

^iSb. x'/N'-i';^^icfl:^-r-&©tc<s«e)TjibTv:^€.. 

[0 0 2 81 i«Vi^^U-t=^I!)S«r^#^fcJe)ir«> ±12 
©J;5IC> Ig*©Sa7U3g©5ga€rf£M-arb*^t.hfe 
tc. V— tf-T;i-JW©^^^*^)i<bb7^itn«;/ie.^ 

20 JSfis «]^^) tr±-:?TS7iO, — :KtC«s;l^V^. \^ 
— !f— tbT«, &ax^r->-7— U— tf— ©5D#^^1-^ 
1/— tf— , YAGU— tf— ©$P€-. bI^. 
— A^-ffifflT^. if— Tz:— ;i'-r^K©J¥${cJ;oT 

-Tii-ji'H^®©fcfci^w«vi®^-c©*ec^. ^iti 

30 ^-efeeci-s. bfc*it3T, MPtw-if-©a^*3i 
-iP-rsdtdiBjig-eS)?.. vi-rntcbTfe. ^k-s 

u— if-A«,^wsnTVi^ei5^^©MS*^. ^©^s*© 

^.^tt±, -r^to-S. S*©«-&»cli:fe^>ETt? 1 4 0 
OSCJ!i^±. y;p-7-'i7A©«^tw«:;»cmiETTl 0 0 
0SC£A±*^jJJSt?a5^. bd^bTS:**?., {^il^t^. 
40 ->-7-^-lf-Tll^$nTV^-5i57i 1 0:^^?J>tV^ 
^ffiJe)TSV^^W»C:feV^T«> ^rB^S5tC2 0 0 OSes 

©®S©^««*fgf Iw 14 $. S 0 jt* «r}t fc 7i V ^ » 

[0 0 2 93 'f*ijDW^*JS"e$.s*«. ^mw-w^^v- 

-!f-7--;i/bfc^l', **#ffl»,'=t'T2 0 0~6 0 0 

scTi o^i-~6B#ra©7— -;PMS$ig-rc:t«ii5v^ 
^tiii. ^-if-7--;n-=koTlliSa{b*iig^^<h 

50 i^Btic. ^m^w.=f'mm-^\z^^^x^Mf^'^^ (^'>^ 
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[0 0 3 0] 

6 0 1. s^fi^i 5 o&c. ^m^it^nmzi 0 0 

%7;P:d'>-T?E:^tS0. 5/'^:^ti)V (pa) -r^S>-:3tc, 

7 )V:i>izlt:^m^<Di&<DiJ7.>&^Wi6^\Z'miial'fii)^-o 
fz. 7}l'=t><DmS.\i9 9. 9 9 %jy,±-r$>ofc. 
«;»3li2 0 OWT. RF^j^gc«13. 5 6MHzT* 
•ofc. -f-©^. C©T^:;1'7t:^->U :3>M4r 1 0 0 tf 
mx 5 0 0 Mm©S7^J^tc:x-v^>i^b, T=E;U7't7. 20 
>'Un>Sg6 0 2 'kmc. 

[0 0 3 1] ;iCDteM©^5g. S5g:feJ:i;^*®Sg£« 
V^-rnfe 1 0" cm-'ii^TTfe^ilt^, 2:;^-f 
a^J-Wfe (SIMS) HJ;oT5S^b:^. 

[0 0 3 2] t3Vi-r. ^LOiK^ 10"' t o r r (DS.tl<D 

TX^^v-V-l^-if-T^ (K r F U—]f-. &S2 4 8 
nm, /•^JVT.mi Oi-y^. mktJ^^}V=^-2 0 Om 
J . MI*A;l'Xg:5 0 v'a h) $:,^,itUT. tf- 
7--;i^$^3:7^C-:jfc, 30 

[0 0 3 3] se,tc, z.rnzmm^mm.'^-ccoT./'iyS' 
mzj^-^xm^mi o o nm©y-i' h^mMs o s^j^ 

^bit. c:©t#©»^gfimii 5 OSC, RF (1 

3. 5 6MHz) SAm;'j«4 0 0 W-tf^ofc. 

fc, M^©5ia£«9 9. 9 %J!U±Ta&-3fc. mtiiiO. 
5 p aT$i-:?fc. 

[0 0 3 4] ^05^, T^l'Sn'^AM (ff$ 2 0 0 n 

m) ^{ik^<Dm^m^^\zj^-z>xm^h, ^iz-^mfs-m^ 

116 0 4S:5^fiEUfc. y-r h«ffic^"lB« 1 0 0 wmT$> 

ui^x h 6 0 5 hmsc5±»wS3nTVifc. 

[0 0 3 5] ^(Vi-e. <:t>n-^iZ^*i4(-J;oT, ^-f 
l-«^S©SCiJ'eAntr*'>y'f :t>^ 1 0'' cm-'aAU 

h*i-7Xi?^;/ioT5j:C'y<:t>tiaA$n?^ 

nfc. c©j;^i-r^ia6 (b) tx^^-r. so 
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[0 0 3 6] s«^*^*a^g§*i-e^^ i 

0-' t o r r ®£E:^Tx4^->-7-^— (K r F P 
-If-. jSS2 4 8 nm. /"^Jl'Xit'i 1 0^/^3>. Mt*X 
1 0 Om J . Ba|t;t;i.XiC 5 0 ->3 h) Sr3g 
ItbT. !f— Tx— ;i'^*3::7iofe. ;i©iSfcJ; 

[0 0 3 7] tsvi-r, *5^SHft4>-e©l^7'x-;u;£:fe 

^i•p/c^l 0" t o r r ^T^'-3J^iJ-T#>7'tCJ;oT 
g^^b. ;iC3^^^«r3 Oii-^ofcco-^. 9 9. 9 9%£A 
±®MSO*3g:^X* 1 0 0 t o r rS-C?v>A-l*3 
lC#Ab. S=K$r3 0 0SC-C6 OiJ-TX-JWbfc. d 

|^Tx-;w^:fe3:7it^i:. lis v^^lbS^S^It 
[0 0 3 8] mmz. v-x««*j;a^HK>««o 

±»Ci^l3E-r^S!{b^3feK (W^ 1 0 0 nm) I^T^C^gS 
it. 7Jl'5X>:7A«S6 0 8. 6 0 9 S:^:tie>®®^»C 

[0 0 3 9] Z:©«:^3ai&Sh7>-:^X5'-C5CV#tt 

^sa^bfeien. 5^v:^^;pj^fiKS5««^«^^ibS«9 8 

0 cm* /V- sT?fe-s>fc. $?>(C, b#Vifii«flE (.X 
^->i*;-;i'FSE) «4. 9vt?ag)ofc. Sfc, 

*. R^©«S$rS I MSlrJcoTW^b/tiS 

*. v^rnfe 1 X 1 0" cm-' £^T-r$)ofc. 

[0 0 4 0] C||ffi«aj2D 7'l'-:J-^ifiK)TFTSY'^^ 
b. -f-^m^lttt^ff^ffibfc. ^-r. il1t©RF7./1-y 
^'^HioT. 3 X 1 0" cm-'©igS©U>S:-&tfJ? 
5^1 0 0 nmOT^:;U7TX->'Ja>feJKSJ^^b 
fc. Jl<7?aSJ¥-e«. ^cDl/-if-7x-JHc^ffl^ns 
KrFP— if-Jt (2 4 8 nm) tCJ;oT. Mik^^TS^T 
x-;USn^. ««SS1 5 Oi^C, ITffl 

««*K«)lri 0 0 %7;i/=f>TJE:^l4 0. 5/t7>ij;P 

(pa) X'^-^Tz, 7}V::i>iZ\i7i<.m^<Dm<D^7.'kM 
laWltmSnbTSd^tsfc. 7;l'=f>C0«SH9 9. 9 9% 
J!il±-rS>-pfc. SAm^«2 0 OWT, RF^&^fil 
3. 5 6MHzT$>ofc. -^-O^. Z(^7=h)Vy r 
U n>JK'£ 100/imX500 ym«:^::^J^lrX':y5^> 
i^bfc. 

[0 0 4 1] iirofelKcDKig, S9g*5=ti;^^OS«« 
V^-rnfc 1 0" cm-'i^J^TT$)^Ci:$r, 2i>C-r:t>» 
m^^^a (SIMS) lCj;-pT5t^bfc, 

[0 0 4 2] iiniC^^^fflm't'TOT./t-y^' 
felrioT)?^*!?) 10 0 nm©y-f h^lMS^rJ^^b 
fz. ;i©i:g-(^S«aS« 1 5 Oa^C. RF (13. 5 
6MHz) SA«:;'3«4 0 OWT$.-:?fc. »ffl^«*K 
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®51S«99. 9%&.±'^$>^ft. S.tJ\tO. 5paT 
[0 0 4 3] ^©m. r^Aia (0^ 2 0 0 n 

M^J^^Lfc. y-f h«@®i|S« 10 0 ;xmT$.ofc. 
h«ifi®SB^)-iJi^tt-*'i7y-<=i->* 1 0'* cm-'aAb 

[0 0 4 5] $e.tC, »«±#:$:X^§gstCS€. 10 
- ' t o r r ®JE:^-Cx:^^->v- tf-Jt (K r F l/- 
•tf-. iSft2 4 8nm, A;i'7>i|'i 1 0:^y g>, Mltx^ 
1 0 0 m J . mMn)V7.Wi 5 0 -> 3 h) * 

\t. y-x««^^v^«i<K>«s«tg^^4^;vj^^es 

[0 0 4 6] -rPV^T, 7KmilH^4'-e®^T--;i'** 

Vio;^c^l 0-' t o r r ST^'-Jl?^J-T#>7'lr J:-:?T 
g^^U. 1 0 OSClCjP^bfc. HCDl^^^SO 

^i-RofcO-^. 9 9. 9 9%£A±CDMS'^>**:^*X$1 
0 0 t o r r t.X'^-V >n—^\zmXly. 3 0 0 

sc-t?6 o^i'T--;i'bfc. —mM^wn.vtz 

[0 0 4 7] y-x®^:^^;!;^^-^®^® 
±{C^^^E-r^g?<k^^JiI 1 0 0 nm) CTt^M 

(DJimiz^-Dxn^m^m v y >>^7.^-ii^m^-^n 

[0 0 4 8] ^l©«|^^mSh9>S?7>5'-©CV#tt 
^v'i7^-;i'K«BE) «3. 9V-C$.-D/t. b#ViM« 

mii^mmmnzit^x^m^tirz mTvtz) :e 
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Tfe^i:^^e.n^. h«S^ON/OFF 

bfctt-cDh* w>mat©fcfc^(S5 X 1 0' -r^^fc, 

[0 0 4 9] CCD«#5a^^t~9>v'7>5' — K>^r^-;V 

TiBl^bfcig:^, urnfe 1 X 1 0" cm-' Ji^TT$.o 

^bfctJl^, ^■7> • tr-i^^^^'i^filfiS 2 0 c 
m-', 5-v'> • t!-^®¥ffli!i«4. 5cm-'-ra&0> 

-s^m b^ ©-fe s^sffc b fc^^cD#^E*i5ft n 

10 fc. 

[0 0 5 0] [^J£^3] yi^-:J-«3S©TFT$:{^Si 
b, -^-om^il^tt^rffffibfc. 2C>©5^^>/'^- 
*^-r^fi£KS®€:^ViT. iP$?KJl 0 0 niTKDT^r^W 

feJKt^JP^ 1 0 nm©g{b^fgffiKT:3— t'-i' 
nfc5^SS±tra!jt6*)tCJgfi£bfc. T^;!':? rX->'J 

itifu—nmzfyX-^cvDmizji-DXi^m.vrz. 
[0 0 5 1] s-r, IS 1 <^^mmz^^± h b, ^ 
20 ^m^2 0 os-cizuam-t^tthiz. xss^^b. 

«^©ffi:t;*n 0-' t o r r£JlT©=K^TriP#ra^Jtb 
fc. tPViT. J5£iKBtiJ;^1'ti^Jr 1 0-* t o r rJJATCS 

Hf^n, ^i.^d^Ae.Tivii^t'i^ssnfctii ©5^^> 

/■^-Srl 0-' t o r rt.xmm.V. ^«^*^e.»«^^ 
ii^-tirT^ 1 >A-lZ&m.'S:±y h b. SS43± 

h*2 0 Og[Clr«itbfc^S, XSSSP^ 
b, 5^v>;n*— ©flb^bAU 0-' t o r T&rfo:>^MXl 
B#^«J*bfc. ^bT, W'^-rttwTJl'Zf^^'X^: 

30 7,/t-y:$'OrS'-^7'^y h«9 9. 9 9 9 9 %J[iL 

±©^^©^5^^^— ir-y h^ffiffib, Ippm© 
<;>*-^A/T?V^^. fiaKBtO**gfflS« 1 5 OSC, I? 

aaniiKMtci 0 Q%7}i'Zf>x£tiit5x 10'' t 

0 r r-t?$>-3fc. 7)l=i>iZ\t7i(im^(Dm(D:»X'^Mm 
W»ri^b^d^-:>fc. T;V=f>®S*«9 9. 9 9 9 9 

%eA±Tfe-3fc. SA«:^ti2 0 owT?, RFm&mt 

13. 5 6MH z X&^Tz, 

[0 0 5 2] fi£Mi^7^, RF4fe«'£^±b, ^ 1 ©^ 
•r >/'^-S 1 0-' t o r r ^TS^^bfc, ^V^T, l^tC 
40 1 0-' t o r rOTlr«Jt$n, ^IW^^-VW^— 

2co5'^>/N*-©^iwia:we.nTVi-5^2o^{i^^ i 

0" tor r^TX^S^^b, mi ®^Y.->A-*^e.S 

2©^ffl^{cS«*^j§lbfc. ^^Je^nftlt 
ICI 0-' t o r r£^TlC«3t$n, ^^d<Ae.?^v^J: e> 
lr1=S3 nfcm 2 ©5^ A' >n— S 1 0" ' t o r r STgp 
»,b. ^2©^«^d^e.»«S:^ii;$itTm2©5^^> 
n-\Z^^^^LyV\y. WRi&^n^-fy K«:2 0 0 

1 0"' t o r r JWT©t^®TlB#P^«^bfc. 

50 [0 0 5 3] -?-bT, m2©9^V>n-tC*?fe-T??g-SR$ 



( 
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nrzm.A9 9. 9 9 9 9%W-h©7>^-7;*f7.43iZ^ 
-:^->7>:^X (Si. H, ) &3 : 2CDSiJ^-tr^Ab. 
±i^<OS.t)'k 1 0-' t o r r tVtz, ^bT, ^^>n 

mm^*5:i:^Jofc. lSAfl;;'3 (13. 5 6 MHz) it2 
0 OWT^ofc. 

[0 0 5 4] ^K^T^. RFK«&<l^±b« ll2W5^ 
-^W^-*l 0-' t o r T^X'm^\^rz. OV^T\ ^2 

©^ffi^€: 1 0-' t o r r ^-rK^g^^L. ^2t;05^A' 

SW^-ffi^O^^itbTX^ri^V-P— tf-^ (K r F 
^— !f— , JgS2 4 8 nms /tJUT-ili 1 0 Sgjt 
X^;i/^-l 0 Om J . MSt/'^-'l'T.^S 0->3'> h) ^ 

[0 0 5 5] ^©i^ir, fi£l^«^d^^^KWtr«^^^ 
fe. Sfc. ||Jg{ail43j:yt2<^J;p{c«SJ^*^J^^S$ti 

■5. 

[0 0 5 6] Sfc, Z.<D^^\Z^iiV'—^-7~-)V 
<h^«^t«:^lt, ^«^fC^=£S:ttT, 1/-- tF-7x 

n^ffi. '^mvt^\zii^xmii'^^^xh^ofzmzn 

\zm (C#«r ^ ffiK €r X 5^ > ;y b ft n«7i 7i ® 
\ZM\^. M^-C^-^-cDiiJ-Sd^TiVi, bfcA^-pT, sett 

[0 0 5 7] ^3(D^«^lc43ViTW— tf-7X 

-)v^mT\^rz<r>-%-. ^z<D=f'm-^\z^MAm-n7.^m 

Ab, ic^JEtb, *«*SJ»3mbfc. -^-bT, ^{k^ 

(D H 7 -f X > y ir J; o T b © 
■5. ^^KS 10 0 ymX 5 0 0 ym©S:^J^tCX-v9' 
>^bfc. 

[0 0 5 8] Z.a>mWk(DmM. Sig*5J:T/^5g©S^« 
Vi-rnfe 1 0" cm-' JEJlT-t?&^;it 14, l^bX^Tf^ 
M$nfc:S'JO«yK*2;^;-f :^>Ha^i'«ffe (SIMS) 
(ci-^T^J-^ffT-S d It J;oTffiSbfc. 

[0 0 5 9] z.n\zmMnmm.^-^<^7.nyi' 
mz^^xw^m 1 0 0 nm^y-r h^fei^^j^^b 

1 5 oa^C. RF (13. 5 
6MHz) SA«:^«4 0 OWTfe-Dfc. T./ty^'©^' 
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-y-yK49 9. 9 9 9 9 %£jl.±C0MSOg^<fcS^Tr* 

mxtit-^-ofz. n.m<Dm.&\t9 9.99 9%e>^±TJfe-3 

fc. aE:ti«5 X 1 0-' t o r r T^ofc. 

[0 0 6 0] -t£D^, TJl'SX'^AM ()?^ 2 0 0 n 
m) $:^afiDX^i^«}tlCJ:oTJgfieb, y^'iL^StiU^ 
^^^aiO K7-f x>;/^>^7'ffilCJ;oTi^*b, ^^f 
S«:J^^b/c. y-l* hmSOlSli 1 0 0 Mm-t?$.ofc. 
Z.<Dii'^. Y-'7^Ji'y'3^>if\zm^^^txrzy^VVJ7. 

[0 0 6 1] OVi-r, -1':t>}T-^3i*-?£»Ci-pT, ^-Y 
h«11®SC^J'eA^1-tr*'j7V-1-:t>^ 1 0'* cm-'^Ab 
fz. y-f h-i;illoT«-tt, ■?-©±odr-i' hmilt:?* ^ 
U-e^;:?. h*«T7.i'i:75:oT*:C7y-r:^>«aA$n)^ 

[0 0 6 2] ^ih\Z. S«^ft:**S^g§lCg^, 10 
- ' t o r r ©jE:^TX^->V- 1^— tf — ^ (K r F U— 
•tf-, iSS2 4 8nin, /i;!/;^*! 1 0 Si*tx:^^ 
20 JU^- 5 0 m J , m^/'^)V7.Wi 5 0 -> a h ) 

7TX{t:b;'5::^M<^«g«CD7^:;i'7T7. • ->U=i>]K*^ 
[0 0 6 3] c:©:&fe«2aiSi<^)lx— lf-7X-;W$:43 

30 m—n^skJim\z^-ox. itivi^^u-v^aj^^w-r-s 
x-;h4v— !f-oai;'3*ffl'xT, ^us-a-TiVi-e^ft 

$!l$n^c: ttrioT, iihjbo!?u— !f-Tx— ;nrJ; 

U'i>^mt^^^)m^mm(D^miz^^^T. 

[0 0 6 4] Sfc, *a0il2©;^Si:S?S:'9. 

^^^it^)vm^m.m^&i<Drzibiz 1 [agou— tf-rx- 

-7'x-;l/$r*5 3:7i-5i:, U'— tf-MStH©Tx-;U« 

T^fTb^ ^sd^e.i^V'— tf 
50 xm^mx^^rzif>. m^m*-^<E>(Dmmm^n^(D-Ti 
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$.-2.. -^-d-e. ffiiia<^^@D$f«]±-y:bje)^fc4e)H, * 

[0 0 6 5] OV^tf, :^^l?ffl«4'-C©liTz:— ;i-$>*3 

V^ofc^l 0-' t o r r ^-r^'-/}^5i-T#>:/ICJ:oT 

^^r>rz<D%. 9 9. 9 9 %JW±®M*®*^:y;^^ 1 10 
0 0 t o r r ^T-?^ W^-F^tC^Ab. S««r 3 0 0 

Sc-t?6 0^3-T— eid-e. — 
[0 0 6 6] ^mJc. y-x®JS*5iy:K w>«i«co 

±ir#SE-r-5S?ft;S5g^ 10 0 nm) (CA^iS 
©XSICd;-s.Tm^^^Mh7>-:^7;^->6^J^^$n 20 

[0 0 6 7] z.com.^%^mh'y>'J7.^-'k\ 0 om 

J^fiSM^OS^ig^iiSH^i^-r 9 9 5 cm' /V • sT 

spi^ttsx 1 0' T^ofe. tt^^i&ag®**tf*8 0 
0 cm' /V- s, Xl'v'i/J^— ;UK«ffi®S^ffiS: 
5. OV, h- W >'l;gSItO*aSfit€: 1 X 1 0' <hb 
T, 1 0 OfficOfl;^Si^h7>v'7.5'-<^'a-*& • 30 
9 Hl*«-g-*S-b:^. 

[0 0 6 8] ^f:i. Z.nib<om^^^MVy'>'^7.^- 

MSfCJ;^TlI^bfc^*, -g-*&bfc«^^SMh5> 
v'X^-TH, Vi-rnfe 1 X 1 0" cm''£AT-rS>o 

[0 0 6 9] 

1f-7::i-;HCOViTlft?^b>tdi, S« 
®3i^i|£|-i:bT{i, ^>"J->';/i7 I C^-CfflVi5.n^i;p 
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t bT I/— tf- 7 — 1 5 Vi^S, t b 

[01] ix— if-7--;p$nfcS^SM©5-7> ' tr 

— c^O't'-i^M (RAMAN SHIFT. ^M) tMT 
X 1 0" cm-'-r:$>-g>. 

[0 2] n^imMiSim.<D\y-^-7~-)v^nit.^^ 

m^<Dy-^> ' \^-i7<D'¥L-m. (RAMAN SH I F 
[0 3] <$-*75:®^Pg^l*(^U-lf-7:::-;i'^tifc^^ 

— i7C5¥tti|itr*^f ^it^ (FWHM RATIO, ^ 

[04] ■^>!r:^B!^MS©^-lJ'-7--;l'5nfc^^ 
fe]^©^-7> • t!-i7(D7^:;W:7TXfig4J-©^S (4 8 
0 cm-'©b!-;j7) ©#i^ftS^fi£^}-CD^S (52 1c 
m-'©tf-^!7) tC^-r^tb* (la/Ic, «tt) tft 

[0 5] $.^«^^:llh5>v'7>5' — CD5^-V^;l'Jg^SI 
WiZ^n^y-^> • tf-i'©FWHM©«Rfffei^'l4$rS^ 
•r. ifa^Sfe : FWHM, ^tt : X/L (L : 

[0 6] «^3a):^Mh5>>'X5'— K>f^S:5SK)««J«:^ 

-r. 
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[gll] 




SOS. SlQ gl5 520 5ZS 

RAMAN SHIFT (cm-') 



[1^2] 




SDK SID 515 S2D SZS 



RAMAN SHIFT (cm"') 
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6 0 2 




6 D 6 6 0 9 
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